Spontaneous premature labour is the cause of the majority of premature births, 3 especially for those born at <32 weeks of gestation, 4 and the risk factors are distinct from those related to induced or iatrogenic prematurity. 5, 6 Generally, studies from the United States have demonstrated a significant association between factors such as maternal education and prematurity. [7] [8] [9] [10] [11] Similar findings have been reported in ecological and cohort studies from the United Kingdom and Europe. [12] [13] [14] [15] However, investigations from other countries such as New Zealand and Taiwan have reported no such association between socioeconomic factors and prematurity. 16, 17 Two Canadian studies have been published with conflicting results. A Quebec study documented a mild association between prematurity and neighbourhood income. A subsequent Nova Scotia study found no association between individual SES and prematurity. Only two of these studies differentiated between induced and spontaneous preterm birth. 7, 12 We sought to evaluate the possible association between neighbourhood SES and spontaneous premature birth in Alberta, Canada. Defining a possible relationship between socio-economic factors and prematurity is important for designing communitybased programs to alleviate deprivation and also may provide insight into the aetiology of premature labour.
METHODS

Study population
The study population comprised all singleton births in Alberta for the years 2001 and 2006. Birth outcome data were obtained from the Alberta Perinatal Health Program (APHP) Database. This database contains demographic, delivery and pregnancy outcome data for over 600,000 births from 81 hospitals in Alberta, Canada. For the study years, 2001 and 2006, all of the hospital and home births in Alberta were in the database. Perinatal and delivery records of all perinatal deaths are reviewed by the hospital Perinatal Mortality Committees and then forwarded for further review to the provincial Reproductive Care Committee. Spontaneous preterm deliveries were defined as deliveries at less than 37 weeks gestation, either with spontaneous labour or occurring following preterm premature rupture of membranes (PPROM). As we were primarily interested in spontaneous preterm labour deliveries, those with induced labour for other indications and pre-labour Cesarean sections were considered indicated preterm deliveries and were omitted from the analysis. Additional births were excluded from the study if the gestational age at delivery either was missing or was less than 20 weeks gestation or if the infant had either a congenital anomaly or was small for gestational age (SGA).
Proxy measure for socio-economic status
Individual data on SES are not available in the database. The Pampalon material deprivation index 18 was used as a proxy measure to identify SES for each woman based on the geographic location of her residence. We used the Pampalon index as previous research had documented it was associated with premature mortality in Canada. 18 Each woman's postal code was linked to the corresponding dissemination area, a geographic area made up of 400 to 700 individuals which represents the smallest stable census area. Statistics Canada 2001 and 2006 Census data on income, education and employment were used to calculate deprivation factor scores for each dissemination area. These scores were then divided into quintiles. Each woman in this study, based on her residence's dissemination area and the year that she gave birth, was assigned a deprivation category ranging from 1 (least deprived or highest SES) through 5 (most deprived or lowest SES).
Analysis
All analyses were conducted in Stata S/E Version 12.
19 Descriptive statistics were conducted with categorical variables expressed as frequencies and percentages. Differences in the distributions of variables between the years 2001 and 2006 were examined using Chi-square tests or t-tests as appropriate. An unadjusted analysis was first conducted to examine the relationship between the primary predictor variable (SES) and the dependent variable (spontaneous preterm birth at less than 37 weeks) using an individual logistic regression model. The unadjusted proportion of preterm births for each SES category was calculated. Subsequently, a multivariable regression analysis was conducted, the goal of which was to examine the effect of SES on preterm birth after controlling for all potential confounding variables. These variables were determined a priori based on the list of variables available in the APHP database and included: smoker during pregnancy (yes, no), maternal age at delivery (<20, 20-34, ≥35 years), previous preterm birth (nulliparous, multiparous and no previous preterm birth, multiparous and previous preterm birth), pre-pregnancy weight (<45 kg, 45-91 kg, >91 kg), and year of birth (2001, 2006) . Univariable analysis was performed and variables that were significantly related to SES and to preterm delivery were deemed possible confounding variables. We first ruled out possible interactions between these variables and SES in predicting preterm birth and then examined all possible two-and three-way interactions. Interaction terms were considered significant and were included in the model if Of these, 2,591 could not be assigned a deprivation category because the postal code was missing or could not be assigned to an Alberta dissemination area. A further 3,152 births were excluded as a deprivation score could not be assigned to the subjects' corresponding dissemination area. This was due to too sparse a population, inadequate income data or too high a proportion of institutionalized individuals. Ultimately, these exclusions resulted in 73,585 births for the analysis. There were statistically significant though small differences between years for several variables, including maternal age, infant birth weight, smoking, parity, prepregnancy weight, gestational age, and neighbourhood SES category ( Table 1 ). The Alberta dissemination areas and their corresponding deprivation index quintiles are displayed in Figure 2 . Overall, the rate of spontaneous preterm delivery at <37 weeks was Table 2) . Univariable analysis-documented smoking, maternal age, prepregnancy weight and previous preterm birth were associated with spontaneous preterm birth at <37 weeks. The multivariable logistic regression model included the five categories of maternal neighbourhood SES, smoking, previous preterm birth, prepregnancy weight, maternal age, and year of birth (Table 3) . There was no evidence of an interaction present between neighbourhood SES and any of these variables, but there was evidence of a threeway interaction between smoking, maternal age, and previous preterm birth (LRS p<0.001) and a two-way interaction between smoking and year of birth (LRS p<0.001). Pre-pregnancy weight remained significant in the final model and was retained (LRS p<0.001). The estimated marginal probabilities from the estimated coefficients for the full model are presented in Appendix A. In the adjusted (i.e., multivariable) analysis, only the highest neighbourhood SES category was significantly different from the lowest category (Wald statistic p-values 0.561, 0.707, 0.413 and 0.003 for each of categories 2, 3, 4 and 5 compared to category 1 respectively). After controlling for smoking, parity, maternal age and year, we found that women living in the highest SES category neighbourhoods had a spontaneous preterm birth rate of 5.1% (95% CI 4.7%-5.5%) compared to 6.0% (95% CI 5.6%-6.4%) for women living in the lowest (Figure 3 ). Women residing in neighbourhoods categorized in one of the middle groups (two, three or four) had similar preterm birth rates, ranging from 5.2%-5.4% (95% CI ranging from 4.9%-5.7%). As expected, low pre-pregnancy weight <45 kg and previous preterm birth were also significantly associated with spontaneous preterm birth (Appendix A).
DISCUSSION
In this retrospective cohort study, women residing in the lowest level of neighbourhood SES had a significantly increased risk of spontaneous premature birth at <37 weeks. The observed increased risk of prematurity was modest but, given the imprecision in measuring neighbourhood SES, it likely is an underestimate of the true effect. In addition, our findings are strengthened by our use of a previously validated measure of neighbourhood SES with a large detailed perinatal database. Our data allowed us, unlike most previous studies, to focus on spontaneous prematurity which, etiologically, is much less heterogeneous than indicated preterm birth. This heterogeneity can make interpreting results quite challenging. For instance, smoking appears to be associated with spontaneous premature birth 20 and small for gestational age births. 21 However, smoking appears to significantly reduce the risk of pre-eclampsia, which is a common cause of induced prematurity. 21 Therefore, combining induced and spontaneous premature births may obscure potentially important relationships. Burguet et al. in the Epipage cohort study unexpectedly found that smoking was associated with prematurity in multiparous but not in primiparous subjects. 22 The only explanation they could suggest for this paradoxical result was that smoking reduced the risk of prematurity from pre-eclampsia, which is far more common in primiparous women.
Only two of the previous studies have differentiated spontaneous from induced premature labour. Ahern et al. excluded all induced births in their California study. 7 They demonstrated that smoking increased the risk of prematurity as did high neighbourhood unemployment and low income. However, the association was significantly modified by whether subjects had public health insurance. Ancel et al. preformed a case control analysis of the EUROPOP survey. 12 They reported an increased risk of both induced and spontaneous preterm birth at <32 weeks gestation associated with low social class and education.
The modest differences we observed in spontaneous premature birth between SES classes may be due to a less steep social gradient Proportion of spontaneous preterm birth (95% confidence interval) for each category of neighbourhood socio-economic status. Unadjusted estimates: dashed line. Estimates adjusted for potential confounding factors: solid line. in our population than is seen in other countries, such as the United States. 23 It is also possible that universal health care, which is available in Alberta, buffers some of the effects of low SES in our subjects. 24 In their Nova Scotia cohort study, Joseph et al. observed an increase in obstetric intervention in the lower social class subjects, which they concluded may have improved their perinatal outcomes. 25 However, in their discussion it was apparent that interpretation of their results was complicated by the inclusion of both induced and spontaneous premature births. In the only other Canadian study, Luo reported a slight association between neighbourhood SES (lowest vs. highest) and premature birth [OR 1.14 (1.10-1.17)]. 26 Our study differs primarily from the two previous Canadian studies in that we included only spontaneous premature births.
The mechanism underlying the effect of low neighbourhood SES on prematurity cannot be determined from our data. It has been previously hypothesized that increased stress or genital tract infections could be causal mechanisms. 27 However, subsequent investigations have questioned this. [28] [29] [30] [31] The main limitation of our study is that there is no exact method for measuring SES. This is a problem shared by all research in this area. Individual measures such as income and education, although seemingly more accurate, are as potentially imprecise as neighbourhood factors. In any event, this misclassification bias would be expected to make it harder for investigators to detect an association, thereby strengthening our findings. Still, the inability to measure deprivation accurately makes it difficult to hypothesize a biologically plausible mechanism of action. Additionally, as for any observational study, confounding bias cannot be entirely ruled out. We were able to control for many known potential confounding factors, such as pre-pregnancy weight, smoking, age, parity and previous preterm birth, but there are likely unknown confounding factors for which we could not control.
CONCLUSION
Ultimately, the main purpose of investigating a possible relationship between socio-economic factors and prematurity is both to inform community-based programs and to provide insight into the aetiology of premature labour. Although we report a modest association between spontaneous preterm delivery and low neighbourhood SES, it is not certain that this is a causal relationship or that it can be mitigated. The reported failures of programs to reduce prematurity by enhancing social support should be considered. 28 Novel programs such as group prenatal care may reduce prematurity in socially disadvantaged women, but more high-quality trials will be needed to confirm this. 32 Further research into the potential impact of social disadvantage on pregnancy outcomes are required to develop effective interventions. RÉSULTATS : L'analyse a compris 73 585 naissances, parmi lesquelles le taux d'accouchements prématurés spontanés à <37 semaines était de 5,3 %. Les taux d'accouchements prématurés spontanés pour chaque catégorie de statut socioéconomique du quartier variaient de 4,9 % (IC de 95 % : 4,5 %-5,2 %) dans la catégorie la plus élevée à 6,3 % (IC de 95 % : 6,0 %-6,7 %) dans la catégorie la moins élevée (p<0,001). Compte tenu du tabagisme, de la parité, de l'âge maternel et de l'année, nous avons constaté que les femmes vivant dans les quartiers au statut socioéconomique le plus élevé avaient un taux ajusté de prématurité spontanée de 5,1 % (IC de 95 % : 4,7 %-5,5 %), contre 6,0 % (IC de 95 % : 5,6 %-6,4 %) pour les femmes vivant dans les quartiers au statut économique le plus faible (p=0,003). 
CONCLUSION :
